Introduction
============

The most common cause of visual loss in patients with branch retinal vein occlusion (BRVO) is macular edema (ME). One of the main triggers of ME is overproduction of vascular endothelial growth factor (VEGF) caused by venous occlusion, and therefore, blocking the action of VEGF is expected to facilitate the management of ME secondary to BRVO. The development of VEGF inhibitors has brought new hope for improving visual acuity (VA) in patients with ME secondary to BRVO. However, intravitreal injection of anti-VEGF agents can be associated with a risk of endophthalmitis, fear for endoophthalmitis by medical managing side and patients, issues resulting from the invasive procedure, and economic burden. Additionally, because BRVO often occurs in working-age populations, frequent hospital visits for injection or examination may well be burdensome for patients.[@b1-opth-11-403] Ophthalmologists should attempt to alleviate these problems, and in this era in which we have several alternative treatment strategies, anti-VEGF agents, and regimens, treatment plans that are not burdensome should be considered as the optimal treatments of choice.

Aflibercept is a new anti-VEGF agent, and there are few reports on its use in ME secondary to BRVO. Wang et al[@b2-opth-11-403],[@b3-opth-11-403] demonstrated that intravitreal injection of aflibercept was useful in the treatment of Chinese BRVO patients and that aflibercept had equivalent efficacy with bevacizumab to ME secondary to BRVO. Even in the treatment of ME secondary to central retinal vein occlusion (CRVO), which is often more serious than BRVO, aflibercept was more effective than ranibizumab in reducing central retinal thickness (CRT) and suppressing the levels of aqueous VEGF.[@b4-opth-11-403] The effects of switching from bevacizumab or ranibizumab to aflibercept have been studied both in patients with ME secondary to BRVO and in those with ME secondary to CRVO.[@b5-opth-11-403]--[@b10-opth-11-403] These studies targeted patients without sufficient response to bevacizumab or ranibizumab. In these reports, visual improvement and reduction of CRT were demonstrated in CRVO patients, and prolongation of the intravitreal injection interval was reported in both BRVO and CRVO patients. The latter finding offers hope for further prolongation of intravitreal injection intervals even in patients with sufficient response to bevacizumab or ranibizumab.

In this study, we evaluated the change in the intravitreal injection interval as well as anatomical and functional changes after switching therapy from ranibizumab to aflibercept in Japanese patients with ME secondary to BRVO in our hospital.

Materials and methods
=====================

This retrospective study was approved by the ethics committee of Kobe Kaisei Hospital, and written informed consent was obtained from all study participants.

In our hospital, switching therapy from ranibizumab to aflibercept was strongly recommended to all patients with ME secondary to BRVO and who had been receiving a pro re nata (PRN) regimen of ranibizumab since December 2013. This retrospective study enrolled 15 eyes in 15 patients who had provided informed consent to switch to therapy with aflibercept from September 2015 and been observed for more than 6 months after switching.

The participants were examined for exacerbation every month, they all kept their appointments, and if any sign of exacerbation was detected, they were treated with intravitreal injection of ranibizumab or aflibercept later the same day if possible or within a week at most. We defined the signs of exacerbation as any decrease in VA from a previous examination and CRT \>300 μm.

Intravitreal aflibercept injection was performed as described previously.[@b11-opth-11-403] Topical anesthesia was induced using 4% lidocaine eye drops, and then the eyelid, eyelashes, and periorbital area were thoroughly cleaned with povidone--iodine. A lid speculum was inserted, and additional topical anesthetic eye drops were administered and 2 mg (0.05 mL) of aflibercept (Eylea^®^; Bayer Schweiz AG, Zurich, Switzerland) was injected into the vitreous cavity with a 30-gauge needle through the pars plana. Thereafter, ofloxacin ointment was applied, and the eye was covered with a patch. Moxifloxacin eye drops were self-administered three times a day for 3 days after injection.

The primary outcome measure was change in the injection interval during the ranibizumab treatment period and the aflibercept treatment period. Secondary outcome measures were CRT, transition of best-corrected VA (BCVA), and safety. Mean intervals and CRT values were calculated using all the data from every administration or examination during each test drug phase. Optical coherence tomography (OCT) images were obtained using spectral domain OCT (Heidelberg Engineering, Heidelberg, Germany). Mean retinal thickness of the area corresponding to the central retinal subfield in the Early Treatment of Diabetic Retinopathy Study areas, automatically generated by the OCT software, was defined as CRT in this study. Decimal VA was measured using a Landolt ring chart, which is widely used in Japan, and converted to the logarithm of the minimum angle of resolution (logMAR).

For statistical analysis, the Wilcoxon signed-rank test was used for comparison of paired values and the Mann--Whitney *U*-test was used for comparison of the repeated measured values including intravitreal injection interval and CRT.

Results
=======

A total of 15 eyes in 6 male and 9 female patients who consented to switch therapy from ranibizumab to aflibercept were included in this study; all patients were observed for more than 6 months after the switch ([Table 1](#t1-opth-11-403){ref-type="table"}). Because none of the patients declined the switch, this study became an all-comer study without selection. The mean age of patients at baseline (before starting ranibizumab treatment) was 71.5 years (standard deviation \[SD\]: 12.6 years). The mean period of ranibizumab treatment was 11.8 months (SD: 4.2 months). The mean observation period after switching was 10.6 months (SD: 3.4 months), and four male and three female patients were observed for more than 12 months after the switch. VA during the ranibizumab treatment period was well controlled. There was no complete nonresponder to ranibizumab among the participants, although the patients with diabetes showed a tendency toward quick exacerbation of ME. Fluorescein angiography images were obtained from 14 patients, of whom 11 were perfusion type and 3 were nonperfusion type. Neovascularization was not observed.

Comparison of injection intervals
---------------------------------

The mean intravitreal injection interval increased from 68.2 days (SD: 26.4, median: 62, range: 28--168 days) during the ranibizumab treatment period to 91.8 days (SD: 33.2, median: 87, range: 49--168 days) after switching to aflibercept, indicating a statistically significant increase (*P*=0.0011, Mann--Whitney *U*-test; [Figure 1](#f1-opth-11-403){ref-type="fig"}). We also compared the intervals between the last and the second-to the-last intravitreal injection of ranibizumab and the first and the second intravitreal injection of aflibercept. The mean intravitreal injection interval just before switching was 81.3 days (SD: 35.6, median: 72, range: 45--168 days), and this significantly increased to 100.8 days (SD: 34.2, median: 90, range: 49--168 days) just after the switch to aflibercept (*P*=0.0309, Wilcoxon signed-rank test; [Figure 2](#f2-opth-11-403){ref-type="fig"}).

Comparison of CRT
-----------------

The mean CRT just before the start of ranibizumab therapy was 580 μm (SD: 211, median: 511, range: 358--1,239 μm), and this decreased significantly to 295 μm (SD: 55, median: 279, range: 228--590 μm) before therapy was switched (*P*\<0.001). The mean CRT after the switch was 276 μm (SD: 25, median: 270, range 233--333 μm), and there was no significant difference from that before the switch (*P*=0.12, Mann--Whitney *U*-test; [Figure 3](#f3-opth-11-403){ref-type="fig"}).

Transition of BCVA
------------------

The mean BCVA just before the start of ranibizumab therapy was 0.43 logMAR (SD: 0.43). During treatment with aflibercept, no significant change in BCVA was observed ([Figure 4](#f4-opth-11-403){ref-type="fig"}).

Safety
------

After switching to aflibercept, neither systemic nor ophthalmic complications were observed. Aflibercept therapy was well tolerated by all patients without discontinuation.

Discussion
==========

In Japan, two anti-VEGF agents, ranibizumab and aflibercept, are approved for the management of ME secondary to RVO. Ranibizumab showed superior efficacy to improve vision and reduce CRT compared with sham injection in patients with ME secondary to BRVO in the BRAVO study and secondary to CRVO in the CRUISE study.[@b12-opth-11-403],[@b13-opth-11-403] In the second year, these studies continued in the HORIZON study, which suggested that the appropriate long-term management strategies of CRVO and BRVO should be different.[@b14-opth-11-403]

The VIBRANT study showed superior efficacy of aflibercept injection compared with macular grid laser photocoagulation for the treatment of ME secondary to BRVO.[@b15-opth-11-403] Likewise, the COPERNICUS and GALILEO studies demonstrated that aflibercept produced significant improvements in VA and CRT compared with sham injection in patients with ME secondary to CRVO, although the disease state of CRVO is often more severe than that of BRVO.[@b16-opth-11-403],[@b17-opth-11-403]

These clinical studies yielded excellent outcomes, but it is difficult to adopt the same regimen of six consecutive monthly doses in clinical settings. Therefore, there is a strong need to report and accumulate experience with the use of anti-VEGF agents in real-life therapy. It is also difficult to compare our study on switching agents with these earlier studies. A comparative test of these agents and observation after switching from one agent to another is necessary to provide the best treatment option for patients with ME secondary to BRVO.

In our hospital, all patients with ME secondary to BRVO who received ranibizumab intravitreal injections showed a certain degree of response to the agent. However, we switched the treatment of all these patients to aflibercept because we expected a prolonged injection interval under the same PRN regimen. Our results did show significant prolongation of the intravitreal injection interval following the switch: an increase from 68.2 days during the ranibizumab treatment period to 91.8 days during the aflibercept treatment period. Additionally, the results of this comparison show that the mean intravitreal injection interval just after the switch was significantly longer than that just before the switch; this eliminated the possibility that the prolonged interval might be caused by spontaneous remission of the disease and suggests that the prolongation is due to the effect of treatment with aflibercept, although the absence of a control group was one of the limitations of this study. Taken together, our results suggest that the benefit of aflibercept reported previously might also be obtainable in Japanese patients with ME secondary to BRVO.[@b2-opth-11-403]--[@b10-opth-11-403] In the most relevant study, Wirth et al[@b5-opth-11-403] reported that a significant extension of the injection interval as well as decreased central retinal volume resulted from changing treatment to aflibercept by a proactive treat-and-extend regimen in patients with ME secondary to BRVO insufficiently responding to ranibizumab and/or bevacizumab. The principal difference between this report and our study is the patients' response to previous treatments; the participants in our study all responded to ranibizumab. Our results also suggest the further benefit of aflibercept to ranibizumab responders, without giving a clear conclusion because our study was not controlled.

Dexamethasone intravitreal implant (DEX implant) is another treatment option for treating ME secondary to RVO.[@b18-opth-11-403] Especially, the combination of DEX implant and macular grid laser showed significant effect in increasing BCVA and prolonging the intravitreal injection interval in patients with ME secondary to BRVO compared with DEX implant monotherapy.[@b19-opth-11-403] This report is helpful, but DEX implant is not approved for treating ME in Japan.

The reasons for the prolonged intravitreal injection interval might be the greater affinity of aflibercept for the target molecule and its longer half-life compared with ranibizumab.[@b20-opth-11-403]--[@b22-opth-11-403] Based on the intravitreal half-life and binding affinity, mathematical simulation has indicated that aflibercept retains binding activity for longer than ranibizumab in the vitreous body.[@b23-opth-11-403] Moreover, the longer duration of VEGF suppression of aflibercept than that of ranibizumab has also been confirmed in human age-related macular degeneration eyes and in macaque eyes.[@b24-opth-11-403],[@b25-opth-11-403] Given that aflibercept and ranibizumab showed similar half-lives in macaque eyes, the difference in the affinity of these agents for the target molecule could explain the difference in the duration of VEGF suppression. Specifically, the strong binding affinity of aflibercept could enhance its potency even after the concentration in the vitreous body is reduced. Additionally, because aflibercept suppresses not only VEGF-A but also placental growth factor, the difference in the target molecules of the agents might affect prolongation of the injection interval.[@b20-opth-11-403]

Although prolongation of the intravitreal injection interval raises concerns about visual and anatomical exacerbation, our study showed a stable course of BCVA and no significant change in CRT after switching. These results suggest that, regarding ME secondary to BRVO, intravitreal administration of aflibercept under a PRN regimen should reduce the burden associated with intravitreal injection of patients and ophthalmologists without functional and anatomical degradation. However, it should be noted that patients need to visit hospital for monthly examination, and that PRN dosing enables reduction of the number of intravitreal injections but not the frequency of visits. Furthermore, when exacerbation is observed, reinjection should be performed on the same day as the examination if possible, to prevent further exacerbation of the clinical condition.

Conclusion
==========

In this study, for the first time, we clinically investigated the switch of therapy from ranibizumab to aflibercept under a PRN regimen in Japanese patients with ME secondary to BRVO. Although this study is retrospective with a single-arm design and small sample size, the results suggest that switching therapy from ranibizumab to aflibercept might prolong the intravitreal injection interval without functional and anatomical exacerbation. Large-scale studies are warranted.

Limitations
===========

Our study has limitations, including small sample size, the absence of a control group, and the single-center clinical trial design. A randomized comparison with a continuous ranibizumab administration group and a larger number of cases are needed to discuss the effect of switching accurately. Additionally, the period after switching is too short. A longer follow-up period might reveal other effects and yield information on switching of therapy.
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![Intravitreal injection intervals before and after the switch from ranibizumab to aflibercept.\
**Notes:** Boxes show the median and the 1st and 3rd quartiles. Whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile range from the box. *P*-value, Mann--Whitney *U*-test. n=15.](opth-11-403Fig1){#f1-opth-11-403}

![Intravitreal injection intervals just before and after the switch from ranibizumab to aflibercept.\
**Notes:** The "interval just before the switch" refers to the interval from the last injection of ranibizumab to the first injection of aflibercept. "Just after the switch" is the interval between the first and the second injections of aflibercept. Boxes show the median and the 1st and 3rd quartiles. Whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile range from the box. *P*-value, Wilcoxon signed-rank test. n=15.](opth-11-403Fig2){#f2-opth-11-403}

![CRT during the study period.\
**Notes:** Boxes show the median and the 1st and 3rd quartiles. Whiskers extend to the most extreme data point, which is no more than 1.5 times the interquartile range from the box. *P*-value, Mann--Whitney *U*-test. n=15.\
**Abbreviation:** CRT, central retinal thickness.](opth-11-403Fig3){#f3-opth-11-403}

![BCVA after the switch to aflibercept.\
**Notes:** The plots show the mean values ± standard deviation. The numbers shown in parentheses are decimal visual acuity (converted from mean logMAR). n=15 (0, 3, and 6 months), n=7 (12 months).\
**Abbreviations:** BCVA, best-corrected visual acuity; logMAR, logarithm of minimal angle of resolution.](opth-11-403Fig4){#f4-opth-11-403}

###### 

Demographic and clinical characteristics of the patients

  -------------------------------------- -------------
  n=15                                   
  Age in years, mean ± SD                71.5±12.6
  Gender, n (%)                          
   Female                                9 (60)
   Male                                  6 (40)
  Observed values, mean ± SD             
   BCVA, logMAR units                    0.43±0.43
   Intraocular pressure, mmHg            13.2±2.8
   CRT, μm                               579.3±220.1
  Other clinical characteristic, n (%)   
   Hypertension                          11 (73)
   Glaucoma                              4 (27)
   Diabetes mellitus                     3 (20)
  -------------------------------------- -------------
